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ii. Is an observer located at point X \
able to see the image of object P?  \
Explain.
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B. Ms] A converging lens of focal length f= 20 cm produces a real image that is focused on a screen.
2 The image is 40% the size of the object. The object is a light in the shape of an upright arrow.

P,rs i. How far from the lens is the object? 7he /Maj'- s real

Lel-1@ sl *e

o] ¢

Ebuﬁ*\\v\@ -\@ - O= 70 cm.

ii. Explain how, if at all, what you see on the screen would change if the top half of the lens were
covered. 7he /maje wWowlel be clrmmer as 74«/0- /‘ay: D/m

Hhe object ave Hotuted m Fhe screen.

iii. Explain how, if at all. what you see on the screen would change if the lens were removed.
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C. [5 pts] A person has a near point of 280 cm. Corrective lenses are prescribed to enable the person
to see clearly a computer monitor at 30 cm. What is the optical power of the lenses? (Ignore the
distance between the eye and the lenses.)
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2.

A plane wave of monochromatic green light (A = 500 nm) is incident normally upon two identical narrow slits (the
widths of the individual slits are much less than A). The slits are separated by a distance d = 30 um. An

interference pattern is observed on a screen located a distance L away from the slits (L >>d). The first dark fringe
is located at point P, 1.5 cm from the center of the pattern.

[7 points] Consider the following student statements.

“If we double the wavelength of the incident light, point P becomes a location of maximum constructive
interference. We originally had AD =% (4) so if the wavelength is doubled we now have AD = +(2A) =Aand
this is the condition for maximum constructive interference.”

Do you agree or disagree with this student? Explain your reasoning.

Disagree. If the A gets larger the AD to the 1% min must get larger since AD is A/2 for the first min and
now the Ais larger. In order to have AD get larger the angle 6 from the normal to the 1* min must
increase therefore the 1* min will move away from the central bright fringe indicating that point P is
between max constructive interference and a min.

In each part below, one change is made to the original situation (i.c., in each case, all parameters not explicitly
mentioned remain as described above). For each case, state whether or not the light intensity at point P would
remain zero. If not, will P become the location of a maximum constructive interference (bright) fringe? If

point P is located between a bright and dark fringe state that explicitly. Explain your reasoning for each case.

i. [6 points] One of the two slits is made slightly narrower, so that the amount of light passing through it is
less than that through the other.
If one slit is made narrower less light will go through that slit which means the amplitude of one of
the waves would be less than the other. This is similar to what we observed with water in tutorial.
This means point P will no longer be completely dark since a crest and a trough no longer
completely cancel. P will not become a maximum because the waves will still be 180° out of phase.

ii. [6 points] The two slits are replaced by a single slit whose width is exactly 60 pm.
The first min for a single slit occurs when the light coming from the edge of the slit has a path
difference of A/2 with the light coming from the middle of the slit. This means that the light
coming from the edge would have to cancel with the light coming from 30 um away. This is the
same as the initial situation so the 1* min would still be in the same place.

iii. [6 points] The region between the slits and the screen is filled with a material with an index of
refraction n = 2.0.
If we replace the air with a material with an index of refraction of n = 2.0 this means the light will
travel half as fast and since the frequency remains the same the wavelength must decrease by 1/2
so our new A is 250 mm. If the wavelength decreases we would need less of an angle for a path
difference of A/2 so the angle from the normal to the position of the first min would decrease. We
know from the first part that AD = A/2 = 250 nm to point P. But this path difference now
corresponds to A, which means that this is constructive interference.
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3. [25 pts] Parts A and B are independent.
A. [12 pts] Laser light (1 = 640 nm) is incident on a mask containing T ‘ \ Screen

two very narrow slits that are 0.40 mm apart. The laser is 45 cm

. from the mask, and the mask is 150 cm from the screen. :;g“ P
150 cm 5.6 mm
i.  Point P is 6.6 mm to the right of the center of the pattern. Is point from center)
P a maximum, a minimum, or neither? Explain your reasoning. '
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ii. If the distance between the mask and the screen were doubled, )
would the een the center of the pattern and the first Top view (not to scale)
doubled,
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unchanged ™Explain-
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B. [13 pts] The photograph at right shows the pattern that appears on a
screen in a different double slit experiment.

i. Could the distance between the slits be 3.5A7 Explain how you can
tell from the photograph. NO . Pattern on screen (part B)
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ii. If the distance between the slits were decreased, would the location of the second maximum to the
right of the center of the screen (labeled “x” in the photograph) change? If so, would it move
from or closer to the center of the screen? Explain your reasoning,
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Prob. 4) Two tlat rectangular giass plates (index ot refraction n=1.32) are separated at
one edge bv a 10 u m diameter wire as shown below. The plates are illuminated from

above bv a sodium lamp ( 4 =389 nm). You studv the light retlected from the film.

—
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a. (4 pts.) Will there be a dark fringe or a bright fringe at the edge where the plates
touch? Explain. | g FRINGE [
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b. (8 pts.) What is the total number of bright tringes vou will observe?
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The wedge-shaped gap is now filled with soapy water (index n=1.33).

c. (4 pts.) Are the tringes brighter or fainter than before the water was in place? Explain.
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d. (4 pts.) Are the fringes closer together or farther apart than before the water was in

place? Explain. ng/{ TD&E]’M{/&[
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e. (3 pts.) A thin soap tilm, illuminated by white light, is held verticallv and vou observe
the light reflected from the film. After a minute. the top of the film appears dark. What
color do vou see just below the dark region? Explain.
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